This study demonstrated the time-dependent changes in postmortem responses of isolated human mid dle cerebral artery strips to vasodilators, The relaxation induced by prostaglandin (PG) 12 or nitroglycerin re mained stable for 24 h postmortem. In arterial strips precontracted with PGF2a, substance P and bradykinin both elicited relaxation that was almost completely abol ished by removal of the endothelium. The endothelium dependent response to both peptides was significantly de graded in strips obtained> 12 h postmortem. These re-Experimental methods applied to isolated vessel preparations have been useful in the analysis of ves sel physiology and pathology. However, evidence of interspecies variation in the responsiveness of blood vessels to vasoactive substances has emerged, casting doubt on the applicability of ani mal data to humans (Toda, 1990a,b). On the other hand, the use of postmortem human cerebral ves sels for experiments suffers from doubts about pos sible changes in vascular function after death.
suits indicate a selective functional or anatomical vulnerability of the vascular endothelium compared with that of the vasodilator mechanisms of the smooth muscle in the postmortem period. However, cerebral arteries iso lated from human cadavers within 12 h postmortem should be adequate for studies of both smooth muscle and endothelial reactivity to vasodilators. Key Words: Brady kinin-Endothelium-dependent vasodilation-Human ce rebral artery-Postmortem change-Prostaglandin 12-Substance P.
postmortem. Considerable attention is currently be ing given to the important role of the vascular en dothelium in the dilation of blood vessels. Impair ment of vasodilator responses mediated by the en dothelium appears to be involved in the genesis of cerebral vasospasm after subarachnoid hemorrhage (Martin et ai., 1985; Fujiwara et ai., 1986; Kana maru et ai., 1987; N akagomi et ai., 1987; Kim et ai. , 1988; Onoue et ai., 1989) . It may thus be necessary to assess both contractile and endothelial functions of vessels, and we have therefore characterized the time-dependent changes in postmortem human cerebroarterial responses to vasodilator agents with different mechanisms of action.
MATERIALS AND METHODS
The third branches of the middle cerebral artery were removed from 22 human cadavers (17 men aged 42-78 years and 5 women aged 30-55 years) at autopsy 1.5-36 h postmortem. All cadavers were stored prior to autopsy at room temperatures ranging daily from 18 to 20°C. All deaths were due to extracranial disease. One to three arterial segments were obtained from each cadaver and were cut into helical strips 15-20 mm long. The strips were fixed vertically between hooks in a muscle bath con-taining a modified Locke-Ringer solution of the following millimolar composition: NaCI 120, KCl 5.5, CaCl2 2.2, MgCl2 1. 0, NaHC03 25. 0, and dextrose 5.6, maintained at 37 ± 0.3°C and aerated with 95% 02/5% CO2, The hook anchoring the upper end of each strip was connected to the lever of a force-displacement transducer (Nihon Kohden Kogyo Co. , Tokyo, Japan). Resting tension was adjusted to 1.5 g, which was optimal for inducing maximal contraction (Toda et al., 1978) .
Isometric contractions and relaxations were displayed on an ink-writing oscillograph (Nihon-Kohden Kogyo Co.). The concentration-response curve for each vasodi lator was obtained by adding each substance directly to the solution in a cumulative manner. However, only a single concentration of substance P was used to prevent tachyphylaxis (Onoue et al., 1988) . Arterial strips were stimulated to contract with 3 x 10-8_3 X 10-7 M pros taglandin (PG) F20< before the addition of vasodilators. At the end of each experiment, 10-4 M papaverine was '"
x '" Qi cr o within 6h In=IO) WI 6 to 12hln= 8) � 12 to 24hln=10) .24 to 36hln=); 100 added to obtain maximal relaxation. Relaxation caused by vasodilators was compared with that induced by pa paverine at four time periods: in vessels obtained from five cadavers within 6 h, from seven cadavers at 6-12 h, from six cadavers at 12-24 h, and from four cadavers at 24-36 h postmortem.
In several experiments, the intimal surface of the arte rial strips was rubbed gently with a cotton pellet to re move the vascular endothelium, and those strips were then compared with unrubbed strips obtained from the same body. Preservation or removal of the endothelium was verified by the AgN03 staining method (Abrol et al., 1984) .
Results were expressed as means ± SD and were com pared using Tukey's method after one-way analysis of variance. As vasoconstrictors, we used KCl (Nakarai Chemicals, Kyoto, Japan) and PGF20< tris-(hydroxy metho)aminomethane salt (Nippon Upjohn Ltd. , Tokyo, Japan). As vasodilators, we used substance P, bradykinin 
RESULTS
In cadaveric human middle cerebral artery strips precontracted with PGF2a, the addition of 10-8 _ 10-6 M PGI2 produced concentration-dependent re laxation. The response to PGI2 of strips obtained from human cadavers within 6 h or at �12, 12-24, or 24-36 h postmortem did not differ (Fig. lA) .
Concentration-dependent relaxation induced by
10-9 _10-6 M nitroglycerin was compared among arteries obtained at the same time points . The re sponse to nitroglycerin did not change significantly.
There was, however, a tendency for relaxation to decrease in strips obtained at 24-36 h postmortem No detailed analysis of the endothelium-dependent responses to these peptides by human middle cere bral arteries has yet been reported. The vascular endothelium is thought to cause vasodilation by production and release not only of endothelium derived relaxing factor (EDRF) (Furchgott and Za wadzki, 1980) but also of PGI2 (Moncada et aI., 1977) . However, our results (Fig. 2) and preliminary data showing that the relaxation induced by neither peptide was affected by treatment with indometha cin, a cyclooxygenase inhibitor, suggest that this response was mediated predominantly by EDRF.
Vascular smooth muscle relaxation induced by both nitrovasodilators and EDRF is mediated by a com mon intracellular mechanism, cyclic GMP forma tion (Rapoport et aI., 1983) . This study showed this to be preserved for at least 24 h postmortem. There fore, the reduction of substance P-and bradykinin induced relaxation after 12 h postmortem most likely results from an impairment of the production or release of EDRF.
Recently, several experiments on the functions of isolated human cerebral vessels have been reported (Conde et aI., 1981 (Conde et aI., , 1983 Hardebo et aI., 1987; Ka namaru et aI., 1989; Hatake et aI., 1990; Martin de Aguilera et aI., 1990) . Because the availability of 
